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the display of node representations for at least first and 
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predefined set of link representations to represent a 
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representations de noeuds representant les premiers et 
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de rapport existant entre les premiers et seconds concepts 
a partir de la representation des liens reliant les 
representations pertinentes des noeuds. 



second objects. Each link representation of the set is 
associated with a distinct relationship condition. Each 
relationship condition may further be defined in terms of 
an underlying equation. Thereafter, the selected link 
representation is shown to extend between the respective 
node representations representing the first and second 
objects. Thus, the type of relationship condition which 
exists between the first and second objects is apparent 
from the link representation which extends between the 
relevant node representations. 
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(57) Abstract 

A method of generating a display, or representation, of a 
simulation model within a graphical user interface (GUI) is described. 
The simulation model includes a number of objects, which may 
include state, function, link and modifier objects. The method 
commences with the display of node representations for at least 
first and second objects. Thereafter, a link representation, which 
represents an underlying link object, is selected from a predefined set 
of link representations to represent a desired relationship condition 
between the first and second objects. Each link representation 
of the set is associated with a distinct relationship condition. 
Each relationship condition may further be defined in terms of an 
underlying equation. Thereafter, the selected link representation 
is shown to extend between the respective node representations 
representing the first and second objects. Thus, the type of 
relationship condition which exists between the first and second 
objects is apparent from the link representation which extends 
between the relevant node representations. 
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METHOD OF GENERATING A DISPLAY FOR A DYNAMIC SIMULATION 
MODEL UTILIZING NODE AND LINK REPRESENTATIONS 

FIELD OF THE INVENTION 

The present invention pertains generally to the field of simulation 
modeling. More specifically, the present invention relates to methods of 
representing objects within a simulation model. 

BACKGROUND OF THE INVENTION 

Simulation modeling is commonly used to model systems to 
perform "what-if ' analyses, to optimize system performance and to identify 
problems within systems. Graphical simulation modeling allows a complex 
system to be modeled in an intuitive and visually comprehensible manner, 
and has found application in wide range of fields, from business to 
biological analysis. 

The construction of a simulation model typically involves 
identifying various objects within the system, which are then represented 
by variables, equations or both embodied in an "object". A simulation 
model may be constructed using a graphical user interface (GUI) in which 
the various objects are represented by user-selected icons or other 
appropriate graphical representations, and in which the inter-relationships 
between the objects are represented by links. 

A simplified representation of a typical prior art graphical user 
interface (GUI) for a graphical simulation model is shown Figure 1. 
Specifically, the prior art GUI of Figure 1 includes a diagram window 10, 
within which are displayed node representations for various objects of a 
modeled system. Each of the various objects of the modeled system is 
shown to be either an entity object 12, an input object 14 or a link object 16. 
Each of the objects typically includes at least one parameter 18 which has a 
parameter name, an assigned value 20 and parameter documentation 22 
which describes the parameter 18. 

Known simulation modeling tools include the Process Charter from 
Scitor Corporation of Menlo Park, California; PowerSim from Modeli Data 
AS in Bergen, Norway (http://www.powersim.com); Ithink and Stella from 
High Performance Systems Incorporated of Hanover, New Hampshire 
(http://hps-inc.com); and Extend +BPR from Imagine That! Incorporated of 
San Jose, California (http://www.imaginethatinc.com). Figure 2 illustrates 
a simulation model 30 as generated utilizing the Ithink product from High 
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Performance Systems, Inc. The simulation model represents a work- 
in/work-out system within a business. The simulation model 30 is shown 
to include an object 32 that represents "work backlog", the object 32 being 
fed by arriving work orders 34 and depleted by filled work orders 36. The 
rate at which work orders are fed to the backlog object 32 is determined by 
an object 39, which functions as a "valve" with respect to a pipe by which 
work orders are fed to the object 32. Similarly, the rate at which work orders 
are dispensed from the object 32 is dependent upon an object 38 which 
functions as a "valve" for the pipe by which work orders are dispensed from 
the object 32. The object 38 is shown to receive as inputs the number of 
workers within the system, as represented by object 42, and the weekly 
productivity of each of these workers, as represented by the input parameter 
40. The weekly productivity of the workers is further a function of hours 
per week per worker, represented by object 44. The production per hour 
worked, represented by object 46, is further shown to influence the weekly 
productivity per worker. Productivity per hour worked is in turn 
influenced by an average burnout factor, which is represented by an object 
48. Various other factors are shown to influence the object 48. 
While the simulation model 30 shown in Figure 2 provides a satisfactory 
representation of the work-in/work-out system, the model 30 suffers from a 
number of inefficiencies. Specifically, the mathematical structure 
underlying the model 30 is not readily apparent from a viewing of the 
icons, and can only be guessed at as a result of the labels which are attached 
to the various nodes shown in the simulation model 30. Further, the 
numerous icons that are used to represent objects, inputs, pipes and links 
(as well as the labels associated with each of these icons) result in a 
cumbersome and cluttered depiction of the modeled system. 

SUMMARY OF THE INVENTION 

According to a first aspect of the invention, there is provided a 
method of generating a display of a simulation model including first and 
second objects between which a relationship condition exists. The method 
commences with the display of respective first and second node 
representations for the first and second objects. Thereafter, a link 
representation is selected from a predetermined set of link representations 
to represent a relationship condition between the first and second objects. 
Each link representation within the set is associated with a different 
relationship condition. The selected link representation is then displayed to 
represent the relationship condition between the first and second objects. 
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According to a second aspect of the invention, there is provided a 
method of presenting a set of link representations to represent a 
relationship condition between first and second objects in a display of a 
simulation model. A predetermined set of potential relationship 
conditions between objects within the simulation model is defined. 
Thereafter, a respective link representation is assigned to each relationship 
condition of the predetermined set of relationship conditions, so as to 
define a set of link representations. The set of link representations is then 
presented on a display device for selection by a user to represent the 
relationship condition between the first and second objects of the 
simulation model. 

According to a third aspect of the invention, there is provided a 
computer-readable medium storing a sequence of instructions which, when 
executed by a processor, cause the processor to perform the steps of the 
above described first and second aspects of the present invention. 

Other features of the present invention will be apparent from the 
accompanying drawings and from the detailed description that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and not 
limitation in the figures of the accompanying drawings, in which like 
references indicate similar elements and in which: 

Figure 1 illustrates a graphical user interface (GUI) utilized in the 
prior art to generate a display for a simulation model. 

Figure 2 illustrates a representation of a simulation model generated 
using a prior art modeling tool. 

Figure 3 is a diagrammatic representation of simulation modeling 
software according to one embodiment of the present invention. 

Figure 4 is a diagrammatic representation of the interaction between 
the software illustrated in Figure 3 and GUIs operating on various software 
platforms. 

Figure 5 illustrates a parameter window which allows a user to view 
and input information pertaining to a parameter of a simulation model 
according to one embodiment of the present invention. 

Figure 6 illustrates three exemplary node representations which may 
be utilized to represent objects of a simulation model according to the 
present invention. 

Figure 7 illustrates exemplary link representations which may be 
utilized, according to one embodiment of the present invention, to 
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illustrate a relationship condition between state or function nodes of a 
simulation model. 

Figure 8 illustrates a modifier representation which, according to one 
embodiment of the present invention, may be utilized to represent the 
influence of a third node on a relationship condition which exists between 
first and second nodes of a simulation model 

Figure 9 illustrates an exemplary representation of a simulation 
model constructed utilizing the graphical elements defined according to one 
embodiment of the present invention. 

Figure 10 is a flow chart illustrating a method, according to one 
embodiment of the present invention, of generating a display of a 
simulation model. 

Figure 11 is a flow chart illustrating a method, according to one 
embodiment of the present invention, of selecting a link representation to 
represent the relationship condition between two objects within a 
simulation model. 

Figure 12 is a flow chart illustrating a method, according to one 
embodiment of the present invention, of displaying a modifier 
representation which represents the influence of an object on a relationship 
condition between a pair of objects. 

Figure 13 is a diagrammatic representation of a computer system 
within which software, for performing the methodologies discussed above, 
may reside and be executed. 

DETAILED DESCRIPTION 

A method of generating a display for a simulation model including 
first and second objects is described. In the following description, for the 
purposes of explanation, numerous specific details are set forth in order to 
provide a thorough understanding of the present invention. It will be 
evident, however, to one skilled in the art that the present invention may 
be practiced without these specific details. 

The present specification describes exemplary methods for 
representing simulation models of systems utilizing graphical simulation 
modeling software. Referring to Figure 3, there is provided a diagrammatic 
representation of one exemplary embodiment of simulation modeling 
software 50 according to the present invention. Specifically, the modeling 
software 50 comprises a core 52, which may be coded using an object- 
oriented language such as the C++ or Java programming languages. 
Accordingly, the core 52 is shown to comprise classes of objects, namely 
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diagram objects 54 and other object classes 56-64. As is well known within 
the art, each object within the core 52 may comprise a collection of 
parameters (also commonly referred to as instances, variables or fields) and 
a collection of methods which utilize the parameters of the relevant object. 
The functioning and purposes of each of the various classes of objects 
shown in Figure 3 will become apparent from the description that follows. 
An exploded view of the contents of an exemplary diagram object 66 is 
provided, from which it can be seen that the diagram object 66 includes 
documentation 68 which provides a description of the diagram object, a 
collection of parameters 70, and methods 72 which may define an equation 
or a class of equations. The diagram objects 54 each define a feature or object 
of a modeled system which is displayed within a diagram window 
presented by a graphical user interface (GUI) which interacts with the core 
52. According to one exemplary embodiment of the invention, the diagram 
objects 54 may include state, function, modifier and link objects which are 
represented respectively by state nodes, function nodes, modifier icons and 
link icons within the diagram window. 

Figure 4 provides a diagrammatic representation of the core 52, 
which is shown to be capable of interaction with any one of a number of 
GUIs. Specifically, the core 52 is shown to interface with a GUI 80 operating 
on the Macintosh platform developed by Apple Computer, Inc. of 
Cupertino, California, a GUI 82 operating on either the Windows '98 or 
Windows NT platforms developed by Microsoft Corporation of Redmond, 
Washington, or a platform-independent GUI 84 coded in Hyper-Text 
Markup Language (HTML) or the Java language developed by Sun 
Microsystems of Mountain View, California. Each of the GUIs interacts 
with the core 52 to present a diagram window in which icons representative 
of the diagram objects 54 are displayed, and in which panels (or windows) 
representative of objects may be displayed. 

Parameters 

As discussed with reference to Figure 3, each object defined within 
the software core 52 may have at least one parameter associated therewith 
which quantifies the characteristics of the object, and which is used during 
simulation of the modeled system. It will also be appreciated that not all 
objects must include a parameter. In one exemplary embodiment of the 
invention, several types of parameters are defined. Firstly, system 
parameters may be defined for each subject type. For example, a system 
parameter may comprise an initial value for a state object, or a coefficient 
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value for a link object. Other parameter types include object parameters and 
diagram parameters that facilitate easy manipulation of values in 
simulation operations. Specifically, diagram parameters may be available to 
all objects, whereas object parameters may be available to only a single 
object. For the purposes of this specification, the term" parameter value" 
shall be taken to encompass an input (initial) value, an output value or any 
intermediate value of a parameter, unless explicitly stated otherwise. 

Referring now to Figure 5, there is shown a parameter window 90, 
that may be generated by any one of the GUIs shown in Figure 4, and that 
provides a user with information regarding a parameter and allows the user 
to input or specify a value to be attributed to the respective parameter. The 
manner by which a parameter window 90 is invoked and constructed 
within a GUI will be described below. The exemplary parameter window 90 
is shown to include four sections, namely a definition section 92, a units 
section 94, a settings section 96 and a range section 98 The definition 
section 92 displays an identifier (or symbol) for the parameter, as well as an 
appropriate definition of the parameter. In the illustrated parameter 
window 90, the parameter is represented by the symbol "C", which is 
defined as the coefficient of an equation within a specific object. The units 
section 94 displays units used internally and for assessment. For example, a 
user may input an assessment value, which is converted to an internal 
value. The units used for assessment are used for a value that is designated 
as a "working" value in the settings section 96. If the internal and assessed 
units are different, a conversion may also be indicated in the units section 
94. In the illustrated example, the assessed value is reciprocated and 
multiplied by a constant K that converts from "hours" assessed to a half-life 
calculation value. 

The range section 98 may optionally be used to define upper and 
lower value limits that may be assigned to the parameter. Again, 
description fields for each of the upper and lower limits are provided. 

Graphical Elements 
Figures 6-8 provide examples of graphical elements which, according 
to one exemplary embodiment of the invention, may be utilized to 
construct a display of a simulation model according to the invention. The 
illustrated graphical elements are made available by a GUI to a model 
builder, who is then able to construct a representation of a modeled system. 
In the description which follows, the term "node" is used to reference an 
icon which is representative of an object. For the purposes of this 
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specification, the term "node" shall however be taken to refer to any 
representation of an object. Accordingly, the terms "node" and "object" 
should be regarded as interchangeable and synonymous. It will be 
appreciated that the graphical elements discussed below are exemplary and 
any distinctive graphical elements may be substituted for the graphical 
elements discussed below without departing from the spirit of the 
invention. 

The graphical elements discussed below with reference to Figures 6-8 
may be used to construct a simulation model, such as that shown in Figure 
9. Referring firstly to Figure 6, there are illustrated examples of two node 
types, namely a state node 110 and a function node 112. In order to 
distinguish between state and function nodes 110 and 112, reference will 
also be made now to Figure 9. Figure 9 illustrates an exemplary simulation 
model 150 that represents a predator-prey system. In the model system, the 
predators comprise wolves and the prey comprises rabbits. 

Referring back to Figure 6, a state node 110 represents an underlying 
state object defining a condition or state within the modeled system. In the 
representation of the simulation model 150 in Figure 9, it will be noted that 
state node represent various conditions within the model. Specifically, a 
"vegetation" state node 152 represents the state of vegetation within the 
model 150, while state nodes 156, 158, 162 and 164 respectively represent 
rabbit and wolf population numbers. The various objects underlying the 
state nodes may comprise one or more parameters and /or one or more 
equations (or methods) which are effected or influenced by links (which 
may also be termed "arrows") which feed into the respective state nodes. 
For example, the "adult rabbits" state node 156 represents an object 
including a parameter indicating the number of adult rabbits within the 
simulation at any specific time. 

In summary, a parameter of a state object may be defined as the 
integrated sum of all effects acting on the relevant object (which is 
represented by a node representation), each effect being defined by a link 
object and represented by the link representation feeding into the node. 
The quantitative magnitudes of these effects is a function of the parameters 
of the link objects represented by the link representations, and of the 
parameters of state objects shown to be "connected" to the opposite ends of 
such link representations. 

Referring to Figure 6, a function node 112 represents a function object 
that defines an element within the simulation model that is purely a 
function of an object within the simulation model. Referring again to the 
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simulation model 150 shown in Figure 9, two function nodes 154 and 160 
are shown respectively to represent objects representing rabbit food supply 
and wolf food supply. Each of the function nodes 156 and 160 includes a 
parameter that is a function of parameters of nodes that are shown by links 
to feed into the relevant function node. For example, the function node 
154, which has a parameter whose value represents the quantity of rabbit 
food available, is shown to be a function of the vegetation node 152. 
Similarly, the function node 160, which includes a parameter whose value 
indicates the available quantity of wolf food, is a function of the "adult 
rabbit" node 156, and the "young rabbit" node 158. 

Figure 7 illustrates a set of link representations 118-128 which a 
model builder may select to represent a relationship condition which exists 
between two objects, represented by nodes, within simulation model. Each 
of the link representations 118-128 is associated with and represents a 
different relationship condition. Referring firstly to a "constant effect" link 
representation 118, this link representation indicates a relationship 
condition between first and second objects, represented by the state nodes 
115 and 117 respectively, wherein the first object has an effect on the second 
object, and this effect is independent of any values of parameters associated 
with the first or second node. In one embodiment the link representation 
118 represents the effect as constant over the duration of a simulation 
operation. The link representation 118 is distinguished in that the tail 
portion of the link representation is spaced from the circle behind the 
arrowhead. A "proportional effect" link representation 120 represents a 
relationship condition between first and second objects wherein the first 
object has an effect on the second object, and the magnitude of this effect is 
dependent on the value of a parameter of the first object, represented by 
state node 115. The link representation 120 is distinguished in that the tail 
portion thereof contacts the circle behind the arrowhead. Referring to 
Figure 9, examples of "proportional effect" link representations are 
indicated at 120a and 120b. Specifically, the "adult rabbit" state node 156 is 
shown to have a proportional effect on the "young rabbit" state node 158 in 
that the number of young rabbits will increase in proportion to the number 
of adult rabbits. The same holds true for the link representation 120b, 
which represents the effect of the "adult wolves'' node 162 on the "young 
wolves" node 164. 

An "interaction effect" link representation 122 represents that a first 
object, represented by the state node 115, has an effect on a second object, 
represented by state node 117 and that the effect is dependent on the values 
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of parameters of both the first and second objects. The link representation 
122 is distinguished in that the tail portion of the representation engages the 
circle, and in that an arcuate line extends from the circle to the state node 
117. Referring again to Figure 9, two examples of "interaction effect" link 
representations are shown at 122a and 122b. Specifically, the "adult wolves" 
node 162 is shown to have an effect on the "adult rabbits" node 156. 
Specifically, as indicated by the "C" in the circle 170, adult wolves consume 
adult rabbits. The rate or magnitude of this consumption is determined by 
both the number of adult wolves and the number of adult rabbits, and the 
effect of the object represented by node 162 on the object represented by node 
156 is accordingly dependent on the value of parameters (e.g. population 
numbers) associated with each of these objects respectively. The same 
explanation applies regarding the effect of the object represented by the 
"adult wolves" node 162 on the object represented by the "young rabbits" 
node 158, between which the "interaction effect" link representation 122b 
extends. 

A "constant conversion" link representation 124, shown in Figure 7, 
represents that instances of a first object represented by the state node 115 
are converted to instances of a second object represented by the state node 
117. The "constant conversion" link representation 124 further represents 
that the number of instances converted is independent of any values of 
parameters associated with the first or second object. In one embodiment, 
the link representation 124 denotes this conversion as being constant, and is 
not effected by external parameters. The link representation 124 is 
characterized in that a tail portion thereof is thickened relative to the tail 
portion of the "constant effect" link representation 118, and that this tail 
portion is spaced from the circle behind the head of the link representation 
124. 

A "proportional conversion" link representation 126 represents that 
a number of instances of a first object, represented by the state node 115, are 
converted to instances of a second object, represented by the state node 117. 
Further, the link representation 126 indicates that the number of instances 
converted is dependent on the number of instances of the first object. 
Referring to Figure 9, "proportional conversion" link representations are 
drawn at 126a and 126b. Specifically, the link representation 126a represents 
that instances of an object represented by the "young rabbit" node 158 are 
converted to instances of an object represented by the "adult rabbit" node 
156. Further, the number of young rabbits (i.e. young rabbit instances) 
converted to adult rabbits (i.e. adult rabbit instances) is dependent on the 
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number of young rabbit instances, which exist within the object represented 
by node 158. Similarly, the number of instances of an object represented by 
the "young wolves" node 164 that are converted to instances of an object 
represented by the "adult wolves" node 162 is dependent on the number of 
instances of the object represented by the "young wolves" node 164. The 
circles 172 of the "proportional conversion" link representations 126a and 
126b are shown to include the letter "S", which indicates that the type of 
conversion that occurs is a change in state. It will be appreciated that any 
symbol could similarly be included within the circle of a link representation 
to provide further information regarding the type of relationship condition 
which exists between objects represented by nodes between which a link 
representation extends. 

An "interaction conversion" link representation 128 represents that a 
number of instances of a first object, represented by state node 115, are 
converted to instances of a second object, represented by state node 117. 
Further, the "interaction conversion" link representation 128 represents 
that the number of instances of the first object that are converted to 
instances of the second object is dependent upon respective numbers of 
instances of both the first and the second objects. The link representation 
128 is distinguished in that the tail portion is thickened relative to the tail 
portion of the link representation 122, and that an arcuate line extends from 
a circle within the representation 128 to the state node 117 representing the 
second object. 

From the above description of the link representations 118-128, it will 
be noted that each link represents a relationship condition between first and 
second objects as being either an "effect" relationship or a "conversion" 
relationship. Further, each link representation 118-128 represents the 
relationship condition as being either constant, proportional or interactive. 

The link representations 118-128 shown in Figure 7 are exemplary, 
and any appropriate link representations can be used to represent the 
various relationship conditions described above. It will be appreciated that 
the relationship conditions that are represented by the various link 
representations 118-128 are typically defined by the model builder. To this 
end, examples of mathematical expressions of relationship conditions that 
may be represented by the various link representations are provided below 
in Table 1. The mathematical expressions given in Table 1 are for a 
dynamic simulation model which is driven by the progression of time. The 
link representations 118-128 could similarly be used in a static model. 
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LINK TYPE 


RELATIONSHIP CONDITION (EOUATION) 


Constant 
Effect Link 


dT 

— = where T is the target node and K is a constant 
CLt 


Proportional 
Effect Link 


f=C.5W + ... 

where T is the target node, S is the source node, C is a coefficient, 
and a is an exponent. 


Interaction 
Effect Link 


%=c(s{ty+T{t)%. 

where T is the target node, S is the source node, and a and b are 
exponents. This equation can vary depending on the operation 
selected in the parameter dialog. The operations available are 
S+T, S-T, S*T, T/S, and S/T. The equation shown is for S+T. 


Constant 
Conversion Link 


dT 
dt 

dt 

where T is the target node, S is the source node, K is a constant, 
and R is a conversion ratio. 


Proportional 
Conversion Link 


?=CJ?.S(( )'+... | 
dt 

^ = -C.S(f )"+... 
dt v ' 

where T is the target node, S is the source node, C is a coefficient, 
iv is a conversion rauo, ana a is an exponent. 


Interaction 
Conversion link 


^ = R.C(S(0' + T(f)>... 
^ = -C(S(0" + T(f)*)+... 

where T is the target node, S is the source node, a and b are 
exponents, and R is a conversion ratio. This equation can vary 
depending on the operation selected in the parameter dialog. The 
operations available are S+T, S-T, S*T, T/S, and S/T. The 
equation shown is for S+T. 



As noted above, each of the link representations 118-128 includes a 
circle in which a graphical identifier providing further information 
regarding the relationship condition can be displayed. For example, 
referring to Figure 9, each of the link representations is shown to contain an 
alphabet letter which provides further information regarding the 
relationship condition between two respective objects. A GUI may also 
provide an index table 174, such as shown in Figure 9, which provides a key 
to the identifiers displayed in the circles of the various link representations. 
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Referring now to Figure 10, there is shown a flow chart illustrating a 
method 180, according to one exemplary embodiment of the invention, of 
generating a display (or graphical representation) of a simulation model. In 
one embodiment, the steps of method 180 are performed by a GUI in 
conjunction with the software core 52 illustrated in Figure 3. The method 
commences at step 182, and proceeds to step 184 where a predetermined set 
of relationship conditions that may exist between objects in the simulation 
model are defined. For example, the defined relationship conditions may 
comprise the six relationship conditions described above with reference to 
Figure 7, and may be expressed in the form of equations. At step 186, a 
respective link representation is associated with each of the relationship 
conditions in the set. For example, the link representations 118-128 may 
each be associated with a distinct relationship condition, as described above 
with reference to Figure 7. Looking now at a minimum construction at step 
188, the GUI displays node representations, such as state nodes 115 and 117, 
for first and second objects. The display of the node representations occurs 
in response to a user input. At this step a user may also input further 
information, such as parameter values, equations and documentation, to 
define the diagram objects (i.e. state and /or function objects) such as those 
shown at 54 in Figure 3. 

Having thus generated at least two node representations for display 
by the GUI, and having defined the objects that underlie these node 
representations, the user at step 190 then selects a link representation, from 
the link representations associated with the predetermined set of 
relationship conditions, to represent a desired relationship condition 
between the objects represented by the first and second nodes. At step 192, a 
user may then further define the relationship condition between the objects 
in terms of equations and parameters. For example, the relationship 
condition between the objects could be expressed in terms of a dynamic 
equation such as any one of those provided above in Table 1. Parameters 
defining the relationship condition may be inputted and defined by using a 
parameter window 90 such as that shown in Figure 5. The user may also 
optionally specify further information to be included within the link 
representation. For example, the user may specify an identifier to be 
incorporated within the circle of any one of the link representations 118-128 
shown in Figure 7. The method 180 then proceeds to step 194, where the 
GUI displays the selected link representation to show the relationship 
condition that exists between the objects represented by the first and second 
nodes. 
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The association of different link representations with each distinct 
relationship condition of a set is particularly advantageous in that a user 
viewing a display of a simulation model, such as the simulation model 150 
in Figure 9, is able immediately to ascertain and understand the 
relationships between the objects represented by the nodes without having 
to "drill-down" into the representation or to access additional information 
windows. The inclusion of identifiers within the respective circles of each 
of the link representations 118-128, and the provision of a key 174 for each 
of the identifiers, further enhances understanding of the display. 

Figure 11 is a flow chart illustrating an exemplary method 190 of 
selecting a link representation from a predefined set to represent a 
relationship condition between objects represented by first and second 
nodes within a diagram window. The method 190 commences at the step 
200 and then proceeds to decision box 202, where a determination is made as 
to whether the relationship condition between the first and second objects is 
an "effect" relationship or a "conversion" relationship. If it is determined 
that the relationship condition is properly classified as an effect 
relationship, the method proceeds to decision box 204, where a 
determination is made as to whether the effect is constant. If so, an 
appropriate link representation (e.g. link representation 118) is selected at 
step 206. If the effect relationship is not constant, the method 190 proceeds 
to decision box 208, where a determination is made as to whether the effect 
of the one object on the other is dependent on the value of a parameter 
associated with one of the objects. If so, the method proceeds to step 210, 
where an appropriate link representation (e.g. link representation 120) is 
selected. Alternatively the method 190 proceeds to decision box 212, where 
a determination is made as to whether the effect of one object on the other 
is dependent on values of parameters associated with each of the objects. If 
so, the method 190 proceeds to step 214, where an appropriate link 
representation (e.g. link representation 122) is selected. From step 214, the 
method terminates at step 216. 

Returning to decision box 202, if it is determined that the relationship 
condition between the objects is not an "effect" relationship condition, but 
rather a "conversion" relationship condition, the method proceeds from 
decision box 202 to decision box 218, where a determination is made as to 
whether the "conversion" relationship condition requires that a constant 
number of instances of one object be converted to instances of the other 
object. If so, the method proceeds to step 220, where an appropriate link 
representation (e.g. link representation 214) is selected. Alternatively, the 
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method proceeds to decision box 222, where a determination is made as to 
whether the "conversion" relationship condition specifies that the number 
of instances of the one object that are converted to instances of the other 
object is dependent on the number of instances of either one of these 
objects. If so, the method proceeds to step 224, where an appropriate link 
representation (e.g. link representation 126) is selected. Alternately, the 
method proceeds to decision box 226, where a determination is made as to 
whether the "conversion" relationship condition requires that the number 
of instances of one object that are converted to instances of the other object 
is dependent on respective numbers of instances in both the first and 
second objects. If so, an appropriate link representation (e.g. link 
representation 128) is selected. From step 228, the method 190 proceeds to 
terminate at step 216. 

Returning to Figure 8, a model builder may wish to model a situation 
where a relationship condition, represented by a link representation 138, 
between objects represented by nodes 130 and 132, is influenced by a third 
object, represented by node 134. According to one embodiment of the 
present invention, overlaying the relevant link representation 138 with a 
modifier representation 136 may represent this influence of the third object 
on the relationship condition between the first and second objects. The 
node 134 representing the third object is further shown to feed into the 
modifier representation 136 by a link representation 137. The modifier 
representation 136 includes an identifier that provides an indication of the 
type of effect the third object has on the relevant relationship condition. 
For example, as it is case in Figure 8, the modifier representation 136 may 
include a "+" symbol, which may indicate that the third node has a 
stimulating effect on the relevant relationship condition. Referring to 
Figure 9, modifier representations 136a and 136b each include the "+" 
symbol, which indicates that a third object (i.e. a "rabbit food supply" object) 
has a stimulating effect on the production by "adult rabbits" object instances 
of "young rabbits" object instances. The modifier representation 136 
represents an analogous situation with respect to the wolf population in the 
simulation model 150. 

In one embodiment of the present invention, a modifier 
representation may include a "-" symbol to represent that a third object has 
an inhibiting effect on the relationship condition between a pair of objects. 
Further, a modifier representation may include a "=" symbol whic^ 
indicates that the third object may have either an inhibiting or stimulating 
effect on the relationship between a pair of objects, dependent on the value 
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of a parameter of the third object. For example, a parameter of the third 
object could have a certain threshold below which the third object has a 
stimulating effect on the relationship condition and above which the third 
object has an inhibiting effect on the relationship condition. 

To this end, reference is now made to Figure 12 which illustrates a 
method 230, according to one embodiment of the invention, of displaying a 
modifier representation which represents the influence of an object on a 
relationship condition between a pair of objects. The method commences at 
step 232, and proceeds to step 234 where a node representation for a third 
object of the simulation model is displayed within a diagram window in 
response to a user input. The method then proceeds to decision box 236, 
where determination is made as to whether the third object influences a 
relationship condition, represented by an appropriate link representation, 
between two objects represented in the diagram window by respective node 
representations. If not, the method terminates at step 238. If so, the method 
proceeds to decision box 240, where a determination is made as to whether 
this influence is inhibiting. If so, a modifier representation including an 
appropriate identifier (e.g. "-") is selected at step 242. Alternatively, the 
method 230 proceeds to decision box 244, where a determination is made as 
to whether the influence is stimulating. If so, a modifier representation, 
including an appropriate identifier (e.g. "+") is selected at step 246. 
Alternatively, the method proceeds to decision box 248, where a 
determination is made as to whether the influence is dependent on a value 
of a parameter of the third object. If so, a modifier representation including 
an appropriate identifier (e.g. "=") is selected at step 252. 

The identifiers mentioned above are ,of course, merely exemplary 
and any suitable identifier could be included within a modifier 
representation to advertise a characteristic of an underlying modifier object. 
For example, modifier representations including the "A" or "B" could also 
be used to identify the underlying modifier object as "allowing" or 
"blocking" a relationship condition (e.g. an effect or conversion relationship 
condition) between a two objects. 

From steps 242, 246 or 252, the method 230 proceeds to step 252, where 
the selected modifier representation is overlaid on a link representation 
between nodes for the first and second objects, and a link representation is 
generated between a node representation for the third object and the 
modifier representation. The method then terminates at step 238. 

The modifier representation represents an underlying modifier 
object, which may in turn be expressed in terms of an equation. In one 
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embodiment, the modifier object may comprise a function of parameters 
within the simulation model. An example of an equation expressing a 
modifier object is provided below in Table 2. 

TABLE 2 



Modifier 



— - = Af • f\^& | • linkterm+... 
dt \N) 

where T is the target node, M is a multiplier constant N is a 
normalization constant, /() is a function, either linear or specified 
by a transformation curve, and link term is the a link term. 
Note that modifiers also have an additive or multiplicative 
setting; this setting specifies whether multiple modifiers on a 
link should add or multiply their terms together before being 
multiplied by the link term. 



In Table 2, the "linkterm" expression refers to an equation which is 
embodied in a link object to express a relationship condition between two 
objects. Examples of such equations are provided above in Table 1 in the 
"RELATIONSHIP CONDITION (EQUATION)" column. 



Computer System 
Figure 13 shows a diagrammatic representation of a computer system 
500 within which software for performing the methodologies discussed 
above, and for generating a GUI according to the teachings of the present 
invention, may operate. The computer system 500 includes a processor 502, 
a main memory 503 and a static memory 504, which communicate via a bus 
506. This system 500 is further shown to include a video display unit 508 
(e.g., a liquid crystal display (LCD) or a cathode ray tube (CRT)) on which a 
GUI according to the present invention may be displayed. The computer 
system 500 also includes an alpha-numeric input device 510 (e.g. a 
keyboard), a cursor control device 512 (e.g. a mouse), a disk drive unit 514, a 
signal generation device 516 (e.g. a speaker) and a network interface device 
518. The disk drive unit 514 includes a computer-readable medium 515 on 
which software 520 for executing each methodology described above and for 
generating the various graphic elements comprising the invention is 
stored. The software 520 is also shown to reside, completely or at least 
partially, within the main memory 503 and/or within the processor 502. 
The software 520 may further be transmitted or received via the network 
interface device 518. For the purposes of this specification, the term 
"computer-readable medium" shall be taken to include any medium which 
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is capable of storing or encoding a sequence of instructions for performing 
the methodologies of the present invention, and shall be taken to included, 
but not be limited to, optical and magnetic disks, and carrier wave signals. 

Thus, a method of generating a display of a simulation model 
including first and second objects has been described. Although the present 
invention has been described with reference to specific exemplary 
embodiments, it will be evident that various modifications and changes 
may be made to these embodiments without departing from the broader 
spirit and scope of the invention. Accordingly, the specification and 
drawings are to be regarded in an illustrative rather than a restrictive sense. 
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CLAIMS: 

What is claimed is: 

1. A method of generating a display, on a display device, of a simulation 
model including first and second objects between which a relationship 
condition exists, the method including: 

displaying, on the display device, respective first and second node 
representations for the first and second objects; 

determining user selection of a link representation from a 
predetermined set of link representations to represent the relationship 
condition between the first and second objects, each link representation 
in the set being associated with a different relationship condition; and 

displaying, on the display device, the selected link representation to 
represent the relationship condition between the first and second 
objects. 

2. The method of claim 1 wherein the determining of the user selection of 
the link representation comprises determining user selection of a link 
representation that represents that the first object has an effect on the second 
object. 

3. The method of claim 2 wherein determining of the user selection of the 
link representation comprises determining user selection of a link 
representation that represents the effect as being dependent on a parameter 
value. 
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4. The method of claim 3 wherein the parameter value is a value associated 
with a link object describing the relationship condition between the first and 
second objects and represented by the selected link representation. 

5. The method of claim 3 wherein the parameter value is a value associated 
with either the first or the second object. 

6. The method of claim 2 wherein the determining of the user selection of 
the link representation comprises determining user selection of a link 
representation that represents the effect of the first object on the second object 
as being independent of any values of parameters associated with the first or 
second object. 

7. The method of claim 2 wherein determining of the user selection of the 
link representation comprises determining user selection of a link 
representation that represents the effect of the first object on the second object 
as being dependent to a value of a parameter of the first object. 

8. The method of claim 2 wherein the determining of the user selection of 
the link representation comprises determining user selection of a link 
representation that represents the effect of the first object on the second object 
as being dependent on respective values of parameters of both the first and 
second objects. 

9. The method of claim 2 including providing an identification of the type 
of effect the first object has on the second object. 

10. The method of claim 1 wherein the determining of the user selection of 
the link representation comprises determining user selection of a link 
representation that represents that instances of the first object represented by 
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the first node are converted to instances of the second object represented by the 
second node. 



11. The method of claim 10 wherein the determining of the user selection of 
the link representation comprises determining user selection of a link 
representation that represents the conversion as being dependent on a 
parameter value. 

12. The method of claim 11 wherein the parameter value is a value 
associated with a link object describing the relationship condition between the 
first and second objects and represented by the selected link representation. 

13. The method of claim 11 wherein the parameter value is a value 
associated with either the first or the second object. 

14. The method of claim 10 wherein the determining of the user selection of 
the link representation comprises determining user selection of a link 
representation that represents the conversion as being independent of any 
values of parameters associated with the first or second object. 

15. The method of claim 10 wherein the determining of the user selection of 
the link representation comprises determining user selection of a link 
representation that represents the conversion as being dependent on a value of 
a parameter of the first object. 

16. The method of claim 10 wherein the determining of the user selection of 
the link representation comprises determining user selection of a link 
representation that represents the conversion as being dependent on values of 
parameters of both the first and second objects. 
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17. The method of claim 10 including providing an identification of the type 
of conversion by which instances of the first object are converted to instances of 
the second object. 

18. The method of claim 1 including determining user selection of a 
modifier representation to represent an influence of a third object on the 
relationship condition between the first and second objects, and displaying^on 
the display device, the modifier representation to represent the influence of the 
third object on the relationship condition between the first and second objects. 

19. The method of claim 18 including determining user selection of a 
modifier representation to represent the third object as having an effect on the 
relationship condition between the first and second objects dependent on a 
value of at least one parameter. 

20. The method of claim 19 wherein the at least one parameter is a 
parameter included within a modifier object represented by the modifier 
representation. 

21. The method of claim 19 wherein the at least one parameter is a 
parameter included within the third object. 

22. The method of claim 18 including providing, in association with the 
modifier representation, an identification of the type of effect the third object 
has on the relationship condition between the first and second objects. 

23. A method of presenting a set of link representations to represent a 
relationship condition between first and second objects in a display of a 
simulation model, the method comprising: 
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recording a definition of a predetermined set of relationship conditions 
between objects within the simulation model- 
recording an assignment of a respective link representation to each 
relationship condition of the predetermined set of relationship 
conditions, so as to define a set of link representations; and 

presenting the set of link representations on a display device for 
selection by a user to represent the relationship condition between the 
first and second objects of the simulation model. 

24. The method of claim 23 wherein the recording of the definition 
comprises recording a definition of the first object as having an effect on the 
second object. 

25. The method of claim 24 wherein the recording of the definition 
comprises recording a definition of the effect as being dependent on a 
parameter value. 

26. The method of claim 23 wherein recording of the definitioncomprises 
recording a definition of instances of the first object as being converted to 
instances of the second object. 

27. The method of claim 26 wherein the recording of the definition 
comprises recording a definition of the conversion as being dependent on a 
parameter value. 

28. The method of claim 23 including recording a definition of a modifier 
representation to represent an influence of a third object on the relationship 
condition between the first and second objects, and presenting the modifier 
representation on the display device for selection by a user to represent the 
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influence of the third object on the relationship condition between the first and 
second objects. 

29. A computer-readable medium storing a sequence of instructions which, 
when executed by a processor, cause the processor to perform the steps of: 

displaying respective first and second node representations of the first 
and second objects on a display device; 

presenting a predetermined set of link representations for selection by a 
user to represent the relationship condition between the first and second 
objects, each link representation in the set being associated with a 
different relationship condition; and 

displaying a user-selected link representation to represent the 
relationship condition between the first and second objects. 

30. A computer-readable medium storing a sequence of instructions which, 
when executed by a processor, cause the processor to perform the steps of: 



identifying a predetermined set of potential relationship conditions 
between objects within the simulation model; 



recording an assignment of a respective link representation to each 
relationship condition of the predetermined set of potential relationship 
conditions, so as to define a set of link representations; and 



presenting the set of link representations on a display device for 
selection by a user to represent the relationship condition between first 
and second objects of the simulation model. 
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31. Logic to generate a display, on a display device, of a simulation model 
including first and second objects between which a relationship condition 
exists, the logic including: 

core logic to determine user selection of a link representation from a 
predetermined set of link representations to represent the relationship 
condition between the first and second objects, each link representation 
in the set being associated with a different relationship condition; and 

display logic to display, on the display device, respective first and 
second node representations for the first and second objects and to 
display the selected link representation to represent the relationship 
condition between the first and second objects. 

32. The logic of claim 31 wherein the core logic determines user selection of 
a link representation that represents that the first object has an effect on the 
second object. 

33. The logic of claim 31 wherein the core logic determines user selection of 
a link representation that represents that instances of the first object 
represented by the first node are converted to instances of the second object 
represented by the second node. 

34. The logic of claim 31 wherein the core logic determines user selection of 
a link representation that represents the relationship condition between the 
first and second objects as being selected from a group comprising a constant 
relationship condition, a proportional relationship condition or an interaction 
relationship condition. 

35. Logic to present, on a display device, a set of link representations to 
represent a relationship condition between first and second objects in a display 
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of a simulation model the logic comprising: 

core logic to record the definition a predetermined set of relationship 
conditions between objects within the simulation model and to record 
the assignment a respective link representation to each relationship 
condition of the predetermined set of relationship conditions, so as to 
define a set of link representations; and 

display logic to present, on the display device, the set of link 
representations on a display device for selection by a user to represent 
the relationship condition between the first and second objects of the 
simulation model. 

36. Logic to generate a display, on a display device, of a simulation model 
including first and second objects between which a relationship condition 
exists, the logic including: 

first means for detecting user selection of a link representation from a 
predetermined set of link representations to represent the relationship 
condition between the first and second objects, each link representation 
in the set being associated with a different relationship condition; and 

second means for displaying, on the display device, respective first and 
second node representations for the first and second objects and for 
display the selected link representation to represent the relationship 
condition between the first and second objects. 

37. Logic to present, on a display device, a set of link representations to 
represent a relationship condition between first and second objects in a display 
of a simulation model, the logic comprising: 
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first means for according the definition a predetermined set of 
relationship conditions between objects within the simulation model 
and for recording the assignment a respective link representation to each 
relationship condition of the predetermined set of relationship 
conditions, so as to define a set of link representations; and 

second means for presenting, on the display device, the set of link 
representations on a display device for selection by a user to represent 
the relationship condition between the first and second objects of the 
simulation model. 
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